The Extracellular Matrix Signature in Vein Graft Disease.
Vein graft disease is a major and yet unsolved problem in cardiac revascularization surgery. Although accumulation of extracellular matrix is characteristic for vein graft disease, detailed analysis of the fibrotic material is lacking. Because alterations of collagen cross-links are typical for organ fibrosis, we performed a comprehensive analysis of collagen and elastin in vein graft disease. Collagen, elastin, and their respective cross-links were analyzed using histology and amino acid analysis. The expression of collagen-modifying enzymes was analyzed using SYBR Green quantitative real-time polymerase chain reaction. Fibrillin expression was analyzed by immunohistochemistry and quantitative real-time polymerase chain reaction. Diseased vein grafts showed a marked increase of collagen and of intermediate collagen cross-links, which are markers for newly synthesized collagen. Furthermore, we identified in vein graft disease increased levels of mature hydroxylysine aldehyde-derived cross-links typical for skeletal tissues. This was accompanied by upregulation of lysyl hydroxylase 2 and lysyl oxidase expression. Furthermore, vein graft disease showed a reduction of the elastin/collagen ratio, using elastin cross-links as a marker of elastin content, which was accompanied by an increase of fibrillin-1. Vein graft disease was accompanied by marked alterations in the composition of the extracellular matrix. The altered collagen cross-link pattern and the reduced elastin/collagen ratio might synergistically increase the stiffness in diseased vein grafts. Furthermore, hydroxylysine aldehyde-derived cross-links can cause a decreased degradability of collagens by matrix-metalloproteinases. Our data suggest collagen cross-links as a therapeutic target in vein graft disease.